Luteinizing hormone (LH) and follicle-stimulating hormone (FSH) act on gonadal cells to promote steroidogenesis and gametogenesis. Clarifying the in vivo roles of LH and FSH permits a feasible approach to contraception involving selective blockade of gonadotropin action. One way to address these physiologically important problems is to generate mice with an isolated LH deficiency and compare them with existing FSH loss-of-function mice. To model human reproductive disorders involving loss of LH function and to define LH-responsive genes, we produced knockout mice lacking the hormone-specific LH␤-subunit. LH␤-null mice are viable but demonstrate postnatal defects in gonadal growth and function resulting in infertility. Mutant males have decreased testes size, prominent Leydig cell hypoplasia, defects in expression of genes encoding steroid biosynthesis pathway enzymes, and reduced testosterone levels. Furthermore, spermatogenesis is blocked at the round spermatid stage, causing a total absence of the elongated spermatids. Mutant female mice are hypogonadal and demonstrate decreased levels of serum estradiol and progesterone. Ovarian histology demonstrates normal thecal layer, defects in folliculogenesis including many degenerating antral follicles, and absence of corpora lutea. The defects in both sexes are not secondary to aberrant FSH regulation, because FSH levels were unaffected in null mice. Finally, both male and female null mice can be pharmacologically rescued by exogenous human chorionic gonadotropin, indicating that LH-responsiveness of the target cells is not irreversibly lost. Thus, LH␤ null mice represent a model to study the consequences of an isolated deficiency of LH ligand in reproduction, while retaining normal LH-responsiveness in target cells.
L
uteinizing hormone (LH) is a member of the glycoprotein hormone family that includes follicle-stimulating hormone (FSH) and thyroid-stimulating hormone (1, 2) . These hormones are heterodimers consisting of a common ␣-subunit noncovalently linked to a hormone-specific ␤-subunit. LH binds to G-protein coupled receptors on Leydig cells in the testis and granulosa and theca cells in the ovary (1, 2) . During pubertal and postpubertal gonad development, LH promotes steroidogenesis required for normal reproductive function (1, 2) . Less clear are its functions during embryonic gonad development, although evidence suggests that early gonad development is independent of gonadotropin stimulation (3, 4) .
Intercellular communication within the testis is essential for normal spermatogenesis (5, 6) . In response to FSH, the Sertoli cells secrete various factors that affect Leydig cell function (7, 8) . Similarly, testosterone produced from Leydig cells is required for spermatogenesis (7, 8) . In females, ovarian folliculogenesis and ovulation are critically dependent on synchronized activities of both FSH and LH (9, 10) . Previously, we and others have used genetic models, including FSH␤, FSH-receptor, and LHreceptor knockout mice, to study the physiological roles of gonadotropins in gonad development and function (11) (12) (13) (14) (15) . Whereas FSH␤ and FSH-receptor knockout mice mostly phenocopy human ovarian dysgenesis disease (16, 17) , LH-receptor mutant mice demonstrate most of the phenotypes associated with inactivating LH-receptor mutations in human males, including Leydig cell hypoplasia (18, 19) . Only a single male patient with an inactivating mutation in the LH␤ gene has been described (20) . The consequences of absence of LH ligand in female reproduction are unknown. To date, there is no loss-offunction mouse model available for an in vivo analysis of the roles of LH ligand. Further, there are no known naturally occurring mutations at the LH␤ locus in mice. Hence, it is unknown whether mice with a loss of LH ligand function would be distinct or phenocopy the LH-receptor knockout mice.
In hypogonadal (hpg) and ␣-glycoprotein subunit knockout mice, both LH and FSH are either suppressed or absent (21, 22) . Although these models were useful for understanding the modifier roles of gonadotropins in tumor-prone inhibin ␣ knockout mice (23), they are not useful for studying an isolated deficiency of only LH or FSH in normal reproductive physiology. A mouse model lacking only LH ligand eventually permits defining LHresponsive genes that play critical roles in gonad development and function. To study the effects of only LH independent of FSH in reproductive physiology, to generate mouse models for human reproductive disorders involving selective loss of LH function, and to define the role of LH in gonadal tumor development in inhibin ␣-null mice, we characterized LH␤ knockout mice. These mice have normal FSH levels, demonstrate hypogonadism, have defects in steroid biosynthesis, and are infertile. Furthermore, mutant mice were pharmacologically rescued by exogenous human chorionic gonadotropin (hCG), indicating that the responses to LH stimulation were not irreversibly lost in these mutants.
Materials and Methods ES Cell Manipulation and Generation of LH␤ Knockout
Mice. Targeting vector to disrupt the coding sequence of the mouse LH␤ gene was electroporated into the hypoxanthine phosphoribosyltransferase (hprt) -negative AB2.2 ES cell line, and cell clones were selected by the double-selection enrichment method described in refs. 11 and 24. DNA from the expanded clones was analyzed by Southern blot analysis, and targeted ES cell clones were injected into blastocysts to obtain chimeras as described in refs. 11 and 24. Multiple male chimeras were bred to C57BL͞6J females to generate initially heterozygous and subsequently homozygous LH␤ mutant mice. Southern blot analysis of tail DNA was performed as described in ref. 11.
Fertility Analysis. Mutant mice were mated to controls beginning at 42 days of age. The number of litters and pups per litter born over a 6-month period were recorded. Histological analysis was performed as described in refs. 11 and 25.
RNA Analysis. Total RNA was isolated by using TRIzol (Invitrogen). RNA blots were hybridized with an Hsd3b6 probe, washed, and exposed to autoradiographic film as described in refs. 11 and 23. Blots were stripped and rehybridized with a cyclophilin A cDNA probe to check for equal loading of RNA.
RT-PCR. Total RNA (1 g) was reverse-transcribed, and the first-strand cDNA templates were amplified with each of the primer pairs (see Table 1 , which is published as supporting information on the PNAS web site) in independent sets of PCR reactions. The concentration of Mg 2ϩ and the linear range of amplification of cDNAs with each primer pair first were optimized, and cDNAs subsequently were tested. The expression of cyclophilin A was used as a control.
Western Blot Analysis. Proteins (20 g) were separated on 10% SDS-polyacrylamide gels, and transferred to polyvinylidene fluoride membranes (Bio-Rad). Immunodetection was performed with an enhanced chemiluminescence detection system (Amersham Pharmacia) and appropriate rabbit primary antibodies. The blots were stripped and reprobed with a rabbit ␤-tubulin antiserum to confirm equal loading of proteins. All antibodies used were purchased from Santa Cruz Biotechnology, except for rabbit anti-mouse histone H1-like linker protein (gift from W. Yan, University of Nevada School of Medicine, Reno, NV), anti-FSH␤ (purchased from Genzyme), and anti-hCG␤ serum that crossreacts with mouse LH␤ (gift from I. Boime, Washington University School of Medicine, St. Louis, MO).
Pituitary Hormone Immunofluorescence. Cryosections of pituitaries were used for double immunofluorescence with LH␤ and FSH␤ antisera and visualized with dye-conjugated second antibodies as described in ref. 26 .
Hormone Assays. Serum samples of LH and FSH were assayed by the standard protocols of the Ligand Assay and Analysis Core Laboratory (University of Virginia, Charlottesville, VA). Androstenedione and testosterone levels were estimated by using RIA kits (Diagnostic Systems Laboratories, Webster, TX) according to the manufacturer's instructions. Anti-Müllerian hormone (AMH) was measured by ELISA using human AMH reagents according to the manufacturer's instructions (Diagnostic Systems Laboratories).
Pharmacological Rescue. Immature mice (21-23 days old) were injected with 5 units of hCG, and 24 h later, testes were isolated and total RNA was isolated as described above. Superovulation of immature female mice was performed as described in ref. 11 . Testosterone pellets (Innovative Research of America) were implanted s.c. into male mice, and 1 week later, testes were collected for RNA isolation and RT-PCR assays as described above.
Statistical Analyses. Student's t test or one-way ANOVA was carried out with EXCEL (Version 6.0, Microsoft) software. Differences were considered significant at P Ͻ 0.05.
Results
Gene Targeting at the LH␤ Locus. Heterodimerization of the LH␤-subunit with the ␣-glycoprotein subunit is essential for the biological activity of LH (1, 2) . LH␤ mature protein is encoded by exons 2 and 3. To generate mice lacking LH, hormone-specific LH␤ gene was disrupted by inserting a loxP-neomycin-loxP cassette into exon 2 by homologous recombination in ES cells (Fig. 1A) . This strategy led to the generation of a mutant LH␤ allele resulting in translational disruption of the LH␤ polypeptide and, hence, LH deficiency. Southern blot analysis identified all genotypes of mutant mice at the weaning age in a Mendelian ratio of 1:2:1 for WT͞heterozygous͞null, suggesting that LH deficiency did not affect embryonic development and viability (Fig. 1B) . To confirm whether the mutation resulted in absence of LH, we assayed immunoreactive LH by three methods. First, immunofluorescent analysis of the pituitaries from WT mice indicated the presence of gonadotropes to which both LH␤ and FSH␤ antibodies colocalized. In contrast, pituitary sections from homozygous mutants showed the absence of LH␤-specific staining but the presence of FSH␤-specific staining and grossly normal numbers of gonadotropes (Fig. 1C) . Second, Western blot analysis indicated the absence of an immunoreactive band but not in that of the null (Ϫ͞Ϫ) mice, thus confirming that we engineered a null mutation at the LH␤ locus. Because heterodimer assembly confers biological activity to glycoprotein hormones, absence of LH␤-subunit leads to LH deficiency in these null mice.
corresponding to LH␤ in the pituitary extracts of null (Ϫ͞Ϫ) mice but not in those of heterozygous (ϩ͞Ϫ) or WT (ϩ͞) control mice (Fig. 1D) . Finally, serum levels of LH were undetectable in null mice (data not shown). These results indicate that we engineered a null mutation at the LH␤ locus that led to LH deficiency.
LH␤ Knockout Mice Are Infertile. Heterozygous matings, similar to WT mice, produced normal number of pups per litter (8.8 Ϯ 0.3 pups per litter in 22 litters for heterozygous mice vs. 8.4 Ϯ 0.2 pups per litter in 107 litters for WT mice; P Ͼ 0.05). In contrast, matings between either male (5 of 5) or female (10 of 10) null mice and controls did not result in any pups over a 6-month period, indicating that LH␤ null mice were infertile.
Hypogonadism, Leydig Cell Defects, and Hypoplastic Accessory Sex
Glands in LH␤ Knockout Male Mice. Morphological examination of the mutants indicated hypoplastic external genitalia, suggestive of possible defects in steroid biosynthesis. To further define the causes of infertility of null males, we examined the testes morphologically and histologically. The testis size was decreased significantly in homozygous mutants compared with that in controls at 42 days and in all ages tested ( Fig. 2A and Fig. 5A , which is published as supporting information on the PNAS web site; data not shown). Whereas abundant Leydig cells were readily apparent in the testis interstitium of adult control mice, the null testes demonstrated insignificant interstitium containing very few Leydig cells of smaller size (Fig. 2B) . Consistent with these findings, serum and testicular testosterone levels were significantly suppressed in mutants (Fig. 5B) . Furthermore, serum levels of androstenedione, a testosterone precursor, were elevated significantly in mutants (Fig. 5B) . LH promotes steroidogenesis in Leydig cells. To determine which of the Leydig cell genes encoding testosterone biosynthesis pathway enzymes are altered in the absence of LH, we analyzed the expression of various markers. We found that Leydig cell markers, including Hsd3b6, Cyp17a1, and Hsd 17b3, were suppressed in the absence of LH (Figs. 2C and 5C ). Although mRNA levels of Hsd3b1, another Leydig cell marker, were not affected (Fig. 2D) , the corresponding protein (HSD3B1) levels decreased with age in the mutant testes (Fig. 2E) .
Previous studies suggested that fetal Leydig cells originate independent of LH signaling. To verify whether fetal Leydig cells are present in the mutant testes, we analyzed the expression of thrombospondin 2 (Thbs2), a fetal Leydig cell marker, which is normally very low in the adult testis (27, 28) . We observed that expression of Thbs2 is persistent in the testes of adult null mice (Fig. 5D ). These data confirm that fetal Leydig cells continue to persist in the mutant testes despite the complete absence of LH.
In the adult testis, LH stimulates proliferation and differentiation of immature Leydig cells. These terminally differentiated cells produce testosterone and undergo minimal proliferation. To test two key markers of cell proliferation, we determined the levels of p27, a cell-cycle inhibitor, and proliferating cell nuclear antigen. Levels of p27 were decreased, whereas expression of proliferating cell nuclear antigen was increased with age in the mutant testes as determined by Western blot analysis (Fig. 5E ), confirming aberrant cell-cycle regulation in the testes of LH␤ knockout mice.
As a secondary consequence to the above Leydig cell defects and testosterone production, the accessory glands, epididymides and seminal vesicles, were reduced in size compared with those in controls (Fig. 5A) . Collectively, the above data indicate that absence of LH in the male results in hypogonadism, a block in Leydig cell differentiation, severely reduced testosterone levels, and hypoplastic accessory sex glands.
Defects in Spermatogenesis and Aberrant Sertoli Cell Gene Expression. LH signaling is critical for testosterone production from the Leydig cells, and testosterone is important for spermatogenesis. To analyze the consequences of significantly reduced testosterone on spermatogenesis in mutants, the testes were analyzed histologically, and the expression of spermatogenesis-specific markers was assessed. The mutant testes, like those of the control, contained spermatogonia, meiotic cells (spermatocytes), and round spermatids (Fig. 3 A and B) . However, elongated and late-stage spermatids were completely absent with no sperm present in the lumen of the tubules in the mutant testes (Fig. 3B) . Consistent with these histological findings, expression of histone H1-like linker protein (HILS1), a latestage spermatid marker, was completely suppressed in the mutant testes (Fig. 3C) . These results confirm that spermatogenesis was arrested at the round spermatid stage in the absence of LH.
Sertoli cells are major targets of androgen action within the testis. Leydig cell-derived testosterone is important for various aspects of Sertoli cell development and function. Members of the transforming growth factor ␤ family, including inhibins, activins, and AMH, normally are secreted from Sertoli cells. To test whether Sertoli cell gene expression was affected due to the absence of LH, we performed RT-PCR assays and identified that, although expression of FSH receptor and inhibin ␣-subunit was not affected, expression of both inhibin ␤A-and ␤B-subunits was up-regulated in the absence of LH signaling (Fig. 3D) . Similarly, serum levels of AMH were elevated in null mice compared with controls (Fig. 3E) . These data indicate that Sertoli cell markers are regulated aberrantly because of LH deficiency.
Ovarian Folliculogenesis Is Blocked at the Antral Stage in LH␤ Knock-
out Female Mice. Consistent with the external genitalia findings, female LH␤ null mice demonstrated small ovaries and thin uteri (Fig. 4A) . Histological analysis of the ovaries from adult mutants revealed the absence of healthy antral, preovulatory follicles and corpora lutea, confirming impaired estrous cycles (Fig. 4B  Right) . Although primary and secondary follicles appeared normal, many antral follicles looked abnormal, collapsing with degenerating oocytes (Fig. 4B Right Lower) . Occasionally, nonhemorrhagic cysts in some of the ovary sections were observed (data not shown). In many ovarian sections, periodic acid-Schiff͞ hematoxylin reagent-stained zona pellucida remnants were obvious, indicating prominent apoptosis of oocyte͞follicles (shown with green arrows in Fig. 4B Right Lower) . Although granulosa cells looked abnormal in many degenerating antral follicles, a prominent thecal cell layer was present in multiple follicles at different stages of progression (Fig. 4E and data not shown) . Within the ovary, LH acts on thecal cells that express LH receptors. Expression analysis indicated that thecal differentiation markers, including LH receptor, Bmp4, and Cyp17a1, all were expressed in the null ovaries. This finding confirms that differentiation of thecal layer was not impaired in the absence of LH (Fig. 4F) . Although an intact theca was present in the mutant ovary, expression of many genes encoding steroid biosynthesis enzymes, including Cyp11a1, Cyp19a1, and Cyp17a1, were reduced. Additionally, expression of cyclooxygenase 2 (Cox2), a marker for ovulation, also was reduced in the null ovary (Fig.  4F) . Consistent with these defects in steroidogenic markers, serum estradiol and progesterone levels both were decreased in the adult null females compared with those in WT controls (Fig.  4 G and H) . This reduction in steroid hormone levels was reflected further in the histology of the null uteri that displayed severe hypoplasia with complete reduction of all three layers of the uterus (Fig. 4 C and D) . Collectively, these data indicate that absence of LH does not affect theca formation but leads to decreased steroid production, defects in ovarian folliculogenesis, and hypoplastic uteri.
Responsiveness to LH Is Retained in the Gonads of LH␤ Knockout Mice.
Expression of LH receptor is maintained in the gonads of LH␤ knockout mice despite multiple defects in the target cells. To test whether mutant mice respond to exogenous LH, immature males were injected with hCG, which binds and activates LH receptors. In this rescue experiment, expression of Hsd3b6 and Cyp17a RNAs (suppressed in the mutants compared with WT controls) was restored in mutants injected with hCG to comparable levels in control WT mice (see Fig. 6A , which is published as supporting information on the PNAS web site). Similarly, female mice responded to exogenous hCG as indicated by activation of ovary-specific marker genes (Fig. 6B) . Furthermore, superovulation of immature LH␤ null females resulted in the release of a comparable number of ova obtained with similarly treated immature control mice (Fig. 6C) . These results support the hypothesis that LH responsiveness is not irreversibly lost in the absence of LH in LH␤ knockout mice.
The absence of circulating LH and a severe reduction in serum and testicular testosterone in LH␤ knockout mice permit an in vivo analysis of identifying LH-responsive vs. testosterone-responsive genes in the Leydig cells. To further confirm whether short-term steroid replacement pharmacologically rescues expression of the Leydig cell markers, we performed RT-PCR assays and analyzed the expression of three important Leydig cell genes after 1-week treatment of WT and LH␤ knockout male mice with testosterone pellets. Whereas expression of both Hsd3b1 and Hsd3b6 was rescued (see rows 1 and 2 of Fig. 7 , which is published as supporting information on the PNAS web site), Cyp17a1 remained suppressed (Fig. 7, row 3 ) in the mutant after 1 week. These data indicate that Cyp17a1 is regulated in mouse Leydig cells directly by LH action that does not require testosterone.
FSH Levels Are Unchanged in LH␤ Knockout Mice. LH and FSH are both synthesized in the gonadotropes and share a common ␣-subunit. Absence of LH␤ in gonadotropes may affect the heterodimer assembly of ␣-FSH␤-subunits and lead to aberrant FSH synthesis and͞or secretion. To determine whether absence of LH␤ leads to changes in FSH␤ production, we performed Western blot analysis of pituitary proteins from male and female mice by using a FSH␤-specific monoclonal antibody. We found that expression of the FSH␤-subunit was not altered significantly in the pituitaries of null mutants compared with that in controls (see Fig. 8 A and C, which is published as supporting information on the PNAS web site). In accordance with this finding, serum levels of FSH in both male and female LH␤ knockout mice were comparable with those in control mice (Fig. 8 B and D) . These data indicate that FSH homeostasis is unaffected in the absence of LH, and the resultant phenotypes of LH␤ knockout mice did not manifest because of FSH imbalance.
Discussion
With the availability of previously reported mouse models (11-15, 23, 29-31) , and the LH␤ knockout mice described here, gonadotropin action now can be manipulated in vivo by at least four methods. These include gain-of-function and loss-offunction models for FSH and LH function. LH␤ knockout mice mostly phenocopy LH-receptor knockout mice, although LH receptors are expressed much earlier than LH␤-subunit in the pituitary during mouse embryogenesis (15, 32, 33) . Similar to LH-receptor knockout mice, absence of LH ligand does not affect embryonic development and survival. These remarkable similarities in LH ligand and its cognate receptor knockout mice suggest that crosstalk in vivo with other structurally similar ligand-receptor pairs is unlikely. Although LH␤ is synthesized in the pituitary in greater abundance than FSH␤-subunit, the null mutation at the LH␤ locus did not affect the synthesis of FSH␤ or circulating FSH heterodimer in the mutants. Accordingly, this model, unlike the LH-receptor knockout mice, which have elevated serum LH and FSH levels, permits an analysis of isolated LH ligand deficiency without affecting FSH production.
In contrast to male mice lacking FSH␤ or FSH receptor, LH␤ knockout male mice are infertile. These null males demonstrate defects in Leydig cells, including an arrested development at the immature stage and suppression of testosterone levels. Consistent with these findings, expression of many steroidogenic enzymes is suppressed in the mutant testes. Leydig cell development occurs in two distinct phases: one that specifies fetal Leydig cells and the other that specifies adult Leydig cell fate (8, (34) (35) (36) . In the adult mouse, few fetal-type Leydig cells exist normally, whereas adult-type Leydig cells predominate (8, (34) (35) (36) . The persistent expression of Thbs2, a fetal Leydig cell marker, in the testes of adult null mice confirms that LH signaling is not essential for fetal Leydig cell lineage. This finding is consistent with similar observations made by others using various genetic models (3, 4) .
Spermatogenesis is blocked at the round spermatid stage, and lack of HILS1 protein clearly indicated that elongated and late-stage spermatids are absent in the mutant testis. This failure in spermatogenesis is similar to that in recently described mutant mice that selectively lack androgen receptor function in Sertoli cells but is distinct from that of androgen-insensitive tfm mice (37) (38) (39) . The incomplete spermatogenesis in LH␤ knockout mice suggests that FSH and low levels of testosterone cannot drive spermatogenesis past the round spermatid stage. Whether the block can be reversed by testosterone supplementation or an intact LH signaling is required for complete spermatogenesis remains to be established. Leydig cell-derived testosterone regulates Sertoli cell function, and we observed that some of the Sertoli cell-specific genes were up-regulated in the absence of LH. However, we do not know whether these changes reflect increased Sertoli cell number or lack of testosterone itself. Future stereological studies will clarify whether the Sertoli cell number is affected in LH␤ knockout mice.
Similar to the phenotypes in males, LH␤ knockout female mice are infertile because of folliculogenesis defects. Whereas early stage follicle recruitment is unaffected in the absence of LH, late-stage follicles at and beyond the antral stage are blocked in differentiation. Clearly, preovulatory follicles and corpora lutea are absent in the mutant ovary, and this block in folliculogenesis is distinct from that observed in FSH␤ knockout mice that have a block at the preantral stage of follicle development (11) . Although folliculogenesis progresses up to the antral stage in the absence of LH, the majority of the antral follicles are abnormal and appear to undergo apoptosis as evident from many zona pellucida remnants in the mutant ovary. It is not known how LH action maintains physiologically low levels of apoptotic machinery in the follicle; LH␤ knockout mice may provide a useful model to address this issue that has clinical implications for reproduction in aging women.
The initial ovarian targets of LH action are thecal cells, where androgens are produced and converted to estrogens in granulosa cells (10) . It is unknown whether LH signaling is essential for thecal cell recruitment and differentiation. Despite the absence of LH signaling, the thecal cell recruitment appears normal in the ovaries of null mice. As molecular evidence for this, expression of thecal cell markers including Bmp4 and LH receptor is observed in the mutant ovary. Furthermore, expression of the majority of the steroidogenic pathway enzymes is affected to varying levels in the absence of LH. This change is reflected in suppressed levels of serum estradiol and progesterone and hypoplastic uteri in null female mice. These data support the ''two-cell, two-gonadotropin'' hypothesis, although there is evidence to suggest gonadotropin-independent steroid production during early postnatal development in the mouse ovary (40) (41) (42) .
One advantage of a mouse model lacking LH ligand is that it is possible to perform rescue experiments by providing exogenous ligands with LH activity. We pharmacologically rescued immature female null mice that superovulated in response to pregnant mare serum gonadotropin and hCG stimulation. Similarly, in the immature mutant testes, expression of Hsd3b6 and Cyp17a was restored to that in control mice. The results with rescue experiments provide molecular markers that are sensitive to the absence of LH signaling and indicate that LH responsiveness is not irreversibly lost in target cells in LH␤ knockout mice.
Furthermore, short-term testosterone replacement rescued the expression of only Hsd3b1 and Hsd3b6 but not Cyp17a1. This pharmacological rescue strategy provides a convenient model system for future gene-expression profiling and identifying LHand steroid-responsive genes during distinct phases of gonad development.
In conclusion, we have developed an LH␤ knockout mouse model in which LH ligand is selectively absent and pharmacologically rescued LH deficiency. LH␤ knockout mice have normal FSH levels; they demonstrate infertility and defects in steroid biosynthesis and have distinct developmental blocks in spermatogenesis and folliculogenesis. These mice are useful models for further analyzing Leydig cell biology, defects in spermiogenesis, and ovarian failure. These mice are also useful for developing novel strains of mutant mice that lack both FSH and LH with an intact gonadotropin-releasing hormonesignaling pathway.
